Objective: the positive effect of physical training in healthy elderly people is well documented. The aim of this systematic review was to describe the effect of physical training on physical performance in institutionalised elderly patients with multiple diagnoses. Design: systematic literature review of randomised controlled trials regarding effects of physical training of elderly (70+) subjects. Methods: the randomised controlled trials were evaluated using a modiWed version of an evaluation form originally developed by the Cochrane Collaboration. It is based on a weighted scale of 0-100 points, and ranks the studies as high, moderate or low methodological quality. A total of 16 randomised controlled trials were included in the review. Results: six studies scored as high quality, eight as moderate and two as low. There was a large heterogeneity in the studies concerning sample size, types of interventions and types of assessments. There is strong evidence for a positive effect of physical training on muscle strength and mobility; moderate evidence for an effect on range of motion; and contradictory evidence regarding gait, activities of daily living, balance and endurance. Conclusions: more studies are required, with larger sample sizes, higher speciWcity as to the types of interventions and assessments, greater focus on clinically relevant outcomes such as endurance and activities of daily living, and also, for example, quality of life and mortality.
Introduction
In Sweden, the percentage of the population aged 65 and older will increase by over 55% in the next 50 years. More than half of this increase will be 80+ [1] . The WHO has adopted the deWnition of Active Ageing put forth by the Canadian Ministry of Health, which deWnes it as 'a process of optimising opportunities for physical, social and mental well-being throughout life course in order to extend life expectancy' [2] .
Several published reviews deal with physical activity in noninstitutionalised elderly people; however, we have found no systematic reviews focusing on institutionalised elderly subjects.
Many of the reviews on healthy elderly focus on muscle strength and endurance [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . Muscle wasting from 50-80 years of age is probably the result of an ageing process in the neuromuscular system combined with a decreased level of physical activity. The contribution of each of these factors is unknown [3, 4] . The effect of strength training on healthy elderly people is well documented [14] [15] [16] [17] .
Numerous investigations have demonstrated that VO 2max declines with age at a rate of approximately 1% per year. It is postulated that much of the reduction associated with ageing may be due to sub-clinical disease and inappropriate lifestyle rather than to ageing itself [5] . Activities of daily living (ADL) demand an increasing percentage of VO 2max in advancing age, which may be a reason for the impairment in ADL function in many elderly people [6] .
A meta-analysis has demonstrated that high-intensity aerobic training has a favourable effect on endurance for healthy elderly people compared to low-intensity training [5] .
The relationship between strength training, aerobic training, and various ailments in elderly people is the topic in two reviews [7, 8] . The authors conclude that both strength training and aerobic training may affect bone mineral density, glucose homeostasis and the risk of falling. Strength training improves muscle mass, strength and muscle quality, while aerobic training mainly affects cardio-vascular Wtness, blood pressure and plasma lipoprotein proWles [7, 8] .
Regarding balance, there is evidence that vision and somatosensory input are much more important for older adults compared to younger ones. In tests of the vestibular system alone, older adults show signiWcantly increased postural sway. Many of the older adults lose stability and require assistance to regain balance during the test. Ankle dorsal-extension weakness has also proven to be a factor in balance dysfunction [18] . The positive effect of physical training on balance has been shown in several studies of healthy elderly people [19] [20] [21] [22] .
Physical training affects muscle strength and endurance and is therefore important in delaying the crossing of the threshold to physical dependence [9] . If a person is close to this threshold, even a minor incident or temporary illness can cause physical dependence [10] .
It has been claimed that physical weakness and a low functional level in old age are consequences of a sedentary lifestyle, which may lead to a need for nursing home care due to the inability to live a functional and independent life [11] . However, there are also numerous reasons associated with being in a long-term care facility -functional impairment, cognitive impairment, stroke, Parkinson's disease, absence of care-giver etc. [23] .
The aim of this study is to describe the effect of physical training on physical performance in institutionalised multiplediagnosis elderly people aged 70+, by means of a systematic review.
Methods

Literature search
The literature search was conducted on PubMed, Medline, Cinahl, Amed and PeDRO with the following keywords: elderly, nursing home, residential home, frailty, multiple diagnoses, physical training, exercise, strength, endurance, balance, range of motion, ambulation, gait, walking, activities of daily living, physiotherapy, physical therapy, rehabilitation and randomised controlled trials. Languages were limited to Swedish and English. The search was also complemented with references in articles and 'related articles'. The search was conducted on four different occasions between September 2000 and August 2002.
Criteria for inclusion
Randomised controlled trials (RCT), original quantitative studies only, published in 1980-2002 in referee-reviewed journals. Intervention programmes consisting of physical training. Subjects with a mean age of 70+, with multiple diagnoses and living in an institution.
Evaluation of methodological quality
The Cochrane Collaboration has developed a method of studying and evaluating RCTs for back and neck pain [24] [25] [26] . The Swedish Council on Technology Assessment in Health Care (SBU) has translated the evaluation form, including a weighing scale from 0-100 points (Appendix 1, English version -on website). We have modiWed the SBU form to Wt RCTs on physical training and made changes regarding comparability of relevant baseline characteristics (B), relevant outcome measurements (M) and adequate follow-up period (O) (Appendix 2 -on website).
According to SBU recommendations, the evaluation was conducted in three phases.
Phase 1. Survey of abstracts
All 104 abstracts were evaluated and relevant articles passed on to phase two.
Phase 2. Survey of articles
The 41 relevant articles were read and those that did not fulWl the criteria for inclusion were excluded.
Phase 3. Evaluation
The remaining 16 RCTs were evaluated independently using the modiWed form described above (Appendix 2 -on website). In subsequent meetings we tried to reach a consensus on each criterion. Studies with 30 points or less were classiWed as low methodological quality, studies with 31-60 points as moderate quality and studies with more than 60 points as high quality.
Definitions of assessment of physical performance
In the present review we have deWned the assessments of physical performance as follows: Muscle strength -strength measured in a speciWc muscle (e.g. quadriceps) or muscle group (e.g. handgrip) etc. Mobility -chair stand, stair climbing, step test, transfer (other than gait), activity level. Gait -speed, step length, distance. ADL -personal activities of daily living, e.g. bathing, dressing, toileting, feeding. Balance -dynamic and static balance, postural sway. Endurance -VO 2max, heart rate. Range of motion -measured in a speciWc joint, e.g. spinal Xex, knee extension/Xex etc.
Classification of evidence
The following criteria were used to classify the degree of evidence for each of the seven different aspects of physical performance -muscle strength, mobility, gait, ADL, balance, endurance and range of motion: Strong evidence -concordant results in more than half of RCTs of high quality. Moderate evidence -i) concordant results in one RCT of high quality and one or more RCTs of moderate or low quality, ii) concordant results in more than half of RCTs of moderate or low quality. Limited or contradictory evidence -one RCT with high, moderate or low quality, or contradictory results in several RCTs. No evidence -no RCT.
Results
Methodological quality
Supplementary Table (on website) shows the result of the evaluation of methodological quality in the reviewed RCTs.
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The 16 RCTs scored an average of 54 points (range 24-75) out of a maximum score of 100 [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] .
High quality RCTs (61-100 p)
Methodological weaknesses were mainly due to small subject groups [29] [30] [31] [32] or lack of: a blinded evaluation [31] , subject blinding [27, 30, 32] , a placebo treatment [27, 28, 30, 32] or an intention-to-treat analysis [27] [28] [29] [30] [31] [32] .
Moderate quality RCTs (31-60 p) Methodological weaknesses were mainly due to inadequate comparability between groups at baseline [35] [36] [37] [38] 40] , a dropout rate greater than 20% [33, 34, 36, 37] ; small subject groups [34] [35] [36] [37] [38] [39] [40] ; lack of a blinded evaluation [35, [37] [38] [39] [40] , subject blinding [33] [34] [35] [36] [37] [38] [39] [40] , a placebo treatment [33] [34] [35] [36] [37] [38] [39] [40] These RCTs shared many methodological weaknesses, such as inadequate comparability between groups at baseline [42] ; no description of the randomisation procedure; small subject groups; a dropout rate greater than 20%; insufWcient description of the intervention and compliance; lack of a blinded evaluation, subject blinding, a placebo treatment or an intention-to-treat analysis; insufWcient assessment variables; and an insufWcient description of statistical data.
The design of the studies Table 1 shows a summary of the 16 RCTs [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . The RCTs were very heterogeneous as regards the number of subjects (n = 11-392), types of interventions and types of assessment variables. Table 2 shows the diversity between the types of interventions and types of assessments in the individual RCTs. Strength training was the most common intervention, followed by gait and range-of-motion training. Two studies did not describe the intervention sufWciently enough to allow classiWcation of the type of intervention [33, 41] . The most common assessment was mobility, followed by muscle strength and gait.
The findings of the studies Table 3 shows a summary of the results of the RCTs. No RCT showed any negative results of physical training.
RCTs with high methodological quality showed signiWcant improvements in muscle strength [29] [30] [31] [32] , mobility [27, 29, 31, 32], gait speed [31, 32] , ADL [28, 29] , balance and range of motion [29] .
RCTs with moderate quality showed signiWcant improvements in muscle strength [35, 36] , mobility [35, 37, 40] , gait [37, 40] , wheelchair propulsion [36, 40] , ADL [35] , endurance [36] and range of motion [35] . ADL showed signiWcant improvement in one of these RCTs, but only for the most dysfunctional subjects [34] . One RCT showed no signiWcant improvements of the assessed physical functions, but showed a positive effect of the physical training on cost savings per bed per year [33] . The other two RCTs showed no signiWcant improvements on any of the assessed functions [38, 39] .
Two RCTs scored as low quality. One of them showed a signiWcant improvement of mobility [41] , and the other a signiWcant decrease in exercise heart rate [42] .
Apart from the physical assessment variables, some RCTs included assessment of nutrition [31] , depression [27, 28, 34, 35] , cognition [27, 30, 33] , quality of life [27, 33] , hospital admissions and mortality [34] , falls efWcacy and fear of falling [38] . Figure 1 shows the number of RCTs with signiWcant positive and non-signiWcant results, respectively, for the seven assessment variables, grouped according to RCT methodological quality (high, moderate, low) in institutionalised elderly people. The studies that have combined the same type of training and assessment are indicated.
Muscle strength
Four high-quality and two moderate-quality studies showed a signiWcant positive result concerning muscle strength, while one high-quality and two moderate-quality studies showed a non-signiWcant result. All nine studies combined the same type of training and assessment.
Mobility
Seven studies with high (4) or moderate (3) quality and one with low quality showed a positive result for mobility. Only four high-or moderate-quality studies showed a non-signiWcant result. Four out of twelve studies included mobility training in the intervention.
Gait
Two high-quality studies and two moderate-quality studies showed a positive result for gait, however, two studies with high quality and two with moderate quality showed a nonsigniWcant result. Gait training was included in the intervention in six out of eight studies.
ADL
Two studies with high quality and one study with moderate quality showed a positive result concerning ADL. One highquality study and two moderate-quality studies showed a non-signiWcant result. Only one of the studies included ADL training in the intervention.
Balance
One high-quality study showed a positive result concerning balance. Three studies with high quality and three with moderate quality showed a non-signiWcant result. Only three studies out of seven studies included balance training in the intervention.
Endurance
One study with moderate quality and one study with low quality showed a positive result concerning endurance. One high-quality and one moderate-quality study showed a nonsigniWcant result. All four studies included endurance training in the intervention.
Range of motion
One study with high quality and one with moderate quality showed a positive result concerning range of motion. One moderate-quality study showed a non-signiWcant result. All three studies included range of motion training in the intervention.
Evidence in conclusion
Strong evidence
There is strong evidence for a positive effect of physical training on muscle strength and mobility.
Moderate evidence
There is moderate evidence for a positive effect of physical training on range of motion.
Limited or contradictory evidence
There is contradictory evidence for the effect of physical training on gait, ADL, balance and endurance.
Discussion
Methodological considerations
The RCTs showed a large heterogeneity regarding number of subjects, types of physical training and assessments. Therefore, it was not appropriate to conduct a meta-analysis. The literature search was conducted on several occasions and with several different combinations of keywords in an attempt to cover as many studies as possible. The search was also conducted through related articles and references in articles found. Some studies have probably still been missed despite this extensive search.
The original evaluation form used by the SBU in various reviews had to be revised to Wt this review, where the focus was on the effect of physical training instead of back and neck pain. We contacted the SBU and searched the Cochrane Collaboration Library to investigate if such forms were available previously. However, no such form was found. One disadvantage with the revision of the form could be that relevant facts, for example other choices of assessment variables or the length of the physical training period, were not accounted for. This may have made scoring inequitable.
The original evaluation form has advantages and disadvantages in itself. Some disadvantages are related to the difWculty of blinded subjects and placebo treatments in evaluating physical training interventions. It is often impossible to blind the subjects and it is questionable if it is ethical to mislead the subjects in the control group. These circumstances make it even more important to use blinded evaluators to eliminate at least some of the bias. Blinded evaluators have been used somewhat in two RCTs, but since the evaluation form does not allow scoring points to be divided up, the result had to be either 10 points or zero. We decided to give them 10 points each, since they described the situation and tried to avoid some of the bias.
We categorised the RCTs in three methodological quality categories (high, moderate and low), instead of two according to the Cochrane Collaboration. The reason was to avoid the sharp line between high and low quality, where a few points can make the difference. If only two categories had been used, the study by Schnelle et al. [36] (51 p) would have been categorised as high quality while the study by Gillies et al. [37] (49 p) would have been categorised as low. The major difference between the two studies was the number of assessment variables.
Study design considerations
The importance of speciWcity of physical training has been pointed out in recent decades [43] [44] [45] . However, this present review shows a large diversity both within and between the studies. The diversity within the studies concerning types of physical training and assessments is surprising considering the acknowledged importance of training speciWcity.
For example, muscle strength was usually assessed using isometric strength tests, although the intervention consisted of dynamic muscle strength training. It has been shown that a signiWcant improvement could be seen after dynamic muscle training when the muscle group was tested dynamically with one repetition maximum (1RM) and in isokinetic torque, or through muscle hypertrophy, but not when tested isometrically [46, 47] . However, an older study has shown that dynamic and isometric strength are correlated [48] .
Strength, aerobic and range-of-motion training were not included in the intervention unless they were assessed (Table 2 ). This may suggest that the authors in these RCTs only expected a positive result when the physical training was speciWc.
Two RCTs conclude that range-of-motion training is not challenging enough and will not prevent functional decline in institutionalised elderly people [29] , and that such training only provides minimal beneWt for many residents [27] . 27  28  29  30  31  32  33 34  35  36  37  38  39  40  41 42 Table 3 . A summary of the results of the 16 RCTs grouped with regard to the seven assessment variables and study methodological quality (high, moderate, and low) ↑ = signiWcant increase; ↓ = signiWcant decrease; NS = not signiWcant, -= not reported. For further abbreviations, see Table 2 They suggest that physical training should focus on muscle strength and mobility for this group of elderly people [27] . It is questionable if this group of elderly people with multiple diagnoses is able to pursue efWcient aerobic training. The non-signiWcant effects may be due to factors such as insufWcient muscle strength to support aerobic training [32] and disturbed co-ordination [42] .
Regarding balance, there was a lack of speciWcity between training and assessment. Balance was trained in three RCTs, but was assessed in seven studies (Table 2 ). In one study the training consisted of seated training, including strength and range of motion; where one of the assessment variables was postural sway [35] . Seated training may however be irrelevant since balance training has only been shown to be effective if performed without support [49] . Balance was assessed with postural sway in two studies [35, 39] . Recent studies have shown that postural sway does not correlate with clinical functional balance measurements, and the authors suggest that this may indicate that the tests measure different aspects of balance [50, 51] . The results of this review indicate that strength training alone is not enough to improve balance. SpeciWc balance training, perhaps in combination with strength training, seems important to improve balance.
The RCTs did not give a detailed report on the various diseases and disorders that usually underlie impaired physical function in elderly people. Strength gains in one or two speciWc muscles may not be clinically relevant if they do not lead to improvements in mobility, gait and ADL for this group. Furthermore, none of the studies discuss choices of type of physical training or assessments. The International ClassiWcation of Functioning, Disability and Health (ICIDH) model [52] could have been used to describe on which level the physical training took place and on which level effects of the intervention were expected. The studies that assessed mobility, gait and ADL all included strength training in the intervention. This may suggest that strength training on the body function level affects mobility, ADL and gait on the activity level.
It has been suggested that there is a higher correlation between leg muscle strength and gait for persons under the 'threshold of physical dependence' than for those over the threshold [53] . Muscle strength/power, stair climbing ability and habitual activity level are all essential for the ability to perform ADL [54, 55] . This may explain why muscle strength training was the most common choice for physical training.
For this group of elderly people, physiological factors may not be the only ones affecting gait and ADL. Gait function might be inXuenced by psychological and environmental factors in combination with physiological factors for elderly people living in an institution [29] . The habitual activity-level is most likely an important factor for ADLfunction and may reXect a person's ambition to maintain independence. Nursing staffs tend to deliver help to the residents, in many cases to save time, and the residents gradually get accustomed to receiving help [56] . Such habits may be difWcult to break even if the residents could become more independent after a period of physical training. To break the 'cycle of dependence', it is important to combine physical training for the residents with education of the nursing staff. It is important to offer the residents the opportunity to make personal choices, otherwise they risk developing feelings of unworthiness and powerlessness. This may lead to a withdrawal and a decline in functional abilities and performance skills [33] .
None of the RCTs in this review showed a signiWcant positive effect of physical training on quality of life. A meta-analysis of the FICSIT trials showed that physical training can improve quality of life for frail elderly people, but the improvement is only modest [57] .
Only two RCTs tried to assess costs [33] and the effect on mortality [34] between the groups. Further studies of this kind are needed.
The sensitivity of the instruments used for assessment is vital for detecting differences. Several RCTs used assessment forms that combined different aspects of e.g. mobility (COVS, PDI), balance (Berg's balance scale, PDI) and ADL (FIM, Katz, Barthel) (see Table 1 ). These types of scales may not be appropriate for detecting differences on a group level in institutionalised elderly subjects with multiple diagnoses. However, they are clearly appropriate in clinical settings where patients are monitored on an individual basis.
The importance of reporting effect sizes in physical training studies to allow result comparison has been emphasised [58] . The authors also claim that it is important to match the participant's capacity level to establish norms for assessments and to develop a standard method of quantifying physical training programs.
Many RCTs reported non-signiWcant improvements on various assessment variables. This may have been due to the small sample size in many studies. Power calculations were only reported in a few studies. One explanation of the small sample size could be that physical training studies are costly, since they demand the participation of many supervisors, especially for this group of elderly people.
We decided to include only RCTs; however, the randomisation is often insufWciently described, and cluster randomisation was the most common type. Only a few studies have tried to stratify the subjects in order to improve comparability between groups. This review shows that a randomised study is not equal to high quality. Controlled clinical trials with a large sample size and high speciWcity between types of training and assessment variables, blinded evaluation etc. may be more valuable than some of the RCTs in this review with low or moderate methodological quality.
General considerations
We are aware that the heterogeneous results regarding the effects of physical training on seven different physical functions could be considered to imply contradictory evidence. However, we still believe that the conclusions drawn above are valid.
Concerning balance (Figure 1 ) it is important to note that 'absence of evidence is not evidence of absence' [59] . It has been shown that misinterpretation of non-signiWcant results due to, for example, low statistical power in several RCTs could lead to a long delay in introducing a new treatment or denying patients treatment [59, 60] . Four of the studies showing a non-signiWcant result concerning balance had a total sample size of less than 50 subjects (n = 11-41) [32, 35, 38, 39] . Further studies with larger sample sizes and with the inclusion of speciWc balance training are needed before any further conclusions may be drawn.
In conclusion, this review indicates strong evidence for a positive effect of physical training on muscle strength and mobility for institutionalised elderly people. More studies with (i) larger sample sizes, (ii) stratiWed randomisation, (iii) higher speciWcity regarding types of physical training and assessments and (iv) blinded evaluation are needed before any further conclusions can be drawn.
Key points
• Large heterogeneity in published physical training RCTs in elderly (70+) subjects (patient sample size, physical training type and dose, assessment type).
• InsufWciently described randomisation procedure and lack of stratiWcation.
• Lack of clinically relevant outcome measures.
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